INTRODUCTION
India has massive cattle and buffalo populations (200 million and 75 million, respectively), which are frequently exposed to several endemic viral diseases. Infectious bovine rhinotracheitis (IBR), caused by bovine herpesvirus 1 (BHV-1), has been known to exist in India since 1976 (6) . The isolation of BHV-1 from the respiratory and genital tracts of bovines has been reported from the states of Orissa (7), Karnataka (8) and Gujarat (16) . Furthermore, widespread serological evidence of respiratory as well as genital tract infections is reported from most of the states in India (15, 18) . IBR infection assumes great economic importance in India, which is the second largest milk producer in the world. Moreover, the dairy industry is poised for rapid growth with the introduction of exotic germplasm for crossbreeding with the indigenous cattle population. The present investigation was undertaken to establish the status of IBR prevalence in the southern states of India, using avidin-biotin enzymelinked immunosorbent assay (A-B ELISA).
MATERIALS AND METHODS

Bovine herpesvirus 1 antigen
A local isolate of BHV-1, from an outbreak of the respiratory form of IBR in cattle in Hassan in the state of Karnataka, was used for the production of virus antigen (8) . The virus-infected Madin Darby bovine kidney (MDBK) cells showing maximum cytopathic effects were pooled, frozen and thawed repeatedly. The suspension, after initial clarification at 10,000 x gravity (g) for 30 minutes, was sequentially concentrated, using cut-off filters (molecular weight: 100,000) in a fluid concentration system. The virus was then pelleted at 100,000 x g for one hour in an ultracentrifuge, followed by discontinuous sucrose gradient separation in tris-ethylene diamine-tetraacetic acid (EDTA) buffer. The purified virus preparation was sonicated for three cycles of 20 seconds each. Protein was estimated by the Folin-Ciocalteau method.
Immunochemicals and equipment
The biotinylated anti-bovine immunoglobulin G (IgG) was obtained from the United States of America (USA). Avidin-horseradish peroxidase (HRP), bovine serum albumin and ortho-dianisidine dihydrochloride (ODD) were also acquired from the USA. Polystyrene flat-bottomed medium-binding microtitre plates and a microtitre plate reader were used in the assay procedures.
Reference sera
Reference positive and negative control sera were obtained from a commercial indirect ELISA kit used for serological diagnosis of IBR infection. Serum samples collected from two cows, which had recovered from natural IBR infection (confirmed by virus isolation) (8) , and ten colostrum-deprived neonatal calves born to IBRnegative dams served as positive and negative controls, respectively (also confirmed by commercial IBR kit).
Source of field serum samples
In all, 2,420 field serum samples were collected from May to August 1993 from the following sources: -ten private farms (610 sera) -six government farms (383 sera) -Bangalore abattoir (1,427 sera).
These sources were located in the states of Karnataka (2,027 sera), Tamil Nadu (328 sera) and Andhra Pradesh (65 sera). All samples were screened for antibodies to BHV-1. Of the 219 breeding bulls, 120 originated from Tamil Nadu and the remaining 99 came from the state of Karnataka. A detailed history of abortions and respiratory infections was collected from organised farms. Disease status of slaughtered animals was not available.
Standardisation of avidin-biotin enzyme-linked immunosorbent assay
The A-B ELISA technique, previously described for the assay of rinderpest antibodies in large and small ruminants (2, 14, 17) , was employed in this study, with some modifications, as detailed below. Optimisation protocols indicated that working dilutions of 1 in 100 each of virus antigen and test serum, 1 in 20,000 of anti-bovine IgG and 1 in 15,000 of avidin-HRP were adequate for monitoring antibodies to BHV-1 (4).
Procedure for avidin-biotin enzyme-linked immunosorbent assay
BHV-1 antigen-coated microtitre plates (1:100 dilution, 100 ml ) were incubated at 37°C for one hour, then thoroughly washed five times with phosphate-buffered saline (PBS)-Tween 20 washing buffer, using an autowasher. Each well was then treated with 200 ml of the blocking solution (3% bistrimethyl silylacetamide (BSA)-PBS-Tween 20) and incubated for one hour at 37°C. The plates were emptied and each filled with 100 ml of each" test serum (1:100 dilution) in duplicate, and further incubated for one hour at 37°C. After washing the plates as described earlier, biotinylated anti-bovine IgG (1:20,000, 100 pi) was added to each well and incubated for one hour at 37°C. The plates were washed and avidin-HRP (1:15,000, 100 ml) was added to each well. After incubation for 20 minutes at 37°C, the plates were washed and treated with 100 ml of freshly prepared ODD solution for 30 minutes. Finally, the enzyme substrate reaction was arrested by adding 2.5 normal hydrochloric acid (25 ml). The absorbance values were recorded at 405 nm. During the assay, a panel of duplicate control sera was included regularly. The test plates showing absorbance values outside the range of the control panel of negative and positive sera were rejected and retesting was performed.
Interpretation of avidin-biotin enzyme-linked immunosorbent assay
The absorbance values of ten negative control sera ranged from 0.062 to 0.093. The values of the two positive sera from animals recovered from IBR were 0.51 to 0.53. In addition, the negative absorbance value of the control sera included in the commercial IBR kit ranged from 0.045 to 0.09, and the value of the positive sera ranged from 0.42 to 0.52. Keeping these absorbance values as the basis for determining the positive/negative cut-off, any field serum sample showing an absorbance value above 0.142 (the sum of the mean of ten negative control sera [0.0862] plus 3 x standard deviations [0.0558]) was considered positive for the presence of BHV-1 antibodies. This critical cut-off absorbance limit was found to be acceptable when a number of control and field sera were re-examined, using a commercial IBR indirect ELISA kit.
RESULTS
Optimisation of avidin-biotin enzyme-linked immunosorbent assay technique
The density gradient purified virus preparation contained 3.6 mg per ml of protein.
The mean absorbance of the negative control sera was 0.0862 and that of the positive control sera was 0.521. The BHV-1 antibody levels, as indicated by absorbance values, ranged from 0.142 to 0.744 in the field serum samples, and no significant differences were observed in the spectrum of absorbance values among cattle or buffalo sera. This suggested that the anti-bovine IgG reagent was also suitable for use on buffalo samples.
Prevalence of antibodies to bovine herpesvirus 1
The results of this study confirmed widespread prevalence of antibodies to BHV-1 in the three southern states of India, as follows:
-45% in Tamil Nadu -50% in Karnataka -64% in Andhra Pradesh (Table I) . The overall presence of BHV-1 antibodies in cattle and buffalo was 50.9% and 52.5%, respectively. Among the breeding bulls examined, 114/120 samples from Tamil Nadu (95%) and 41/99 samples from Karnataka (41.4%) were found positive for BHV-1 antibodies. In an organised dairy herd in Karnataka (i.e. on a farm in which basic husbandry practices and records are maintained), 59/81 samples were positive following a severe respiratory infection (72.8%). In another herd, 31/56 samples from aborted crossbred cows were positive for BHV-1 antibodies (55.4%). However, this could only be considered as circumstantial evidence of BHV-1 infection, in the absence of virus isolation from these seropositive animals.
DISCUSSION
Serological procedures, such as the serum neutralisation test (9), passive haemagglutination test (11) and indirect ELISA (10, 12) have been used for the assay of BHV-1 antibodies in the sera of animals. An A-B ELISA was specifically developed for the present study, as the technique is highly sensitive, specific and very economical, since it allows the use of immunoconjugates at very high dilution, as compared to indirect ELISA (2) . Furthermore, the use of A-B ELISA in studies to monitor antibodies to rinderpest, peste des petits ruminants (2, 14, 17) , tropical theileriosis (13, 19) and Newcastle disease (3) suggests that the technique could also be extended to BHV-1 infection. Several research workers have reported the seroprevalence of antibodies to BHV-1 in India, and a survey of the bovine population of Andhra Pradesh, Haryana, Karnataka, Orissa, Tamil Nadu, Uttar Pradesh and West Bengal states indicated a high prevalence of BHV-1 antibodies (47% to 74%), using the passive haemagglutination technique (5). The moderate prevalence figures reported in the present study (51.6%), despite the use of a more sensitive technique, such as A-B ELISA, could be attributed to the large sample size and the inclusion of a significant number of abattoir serum samples (59%), without any clinical history of IBR. It appears, from the clinical experience of field veterinarians, that IBR infection, particularly the respiratory form, is often mild and may go unnoticed, particularly in the indigenous bovine population. However, clinical symptoms such as nasal and ocular discharge, rise in body temperature, moderate to severe cough, dyspnoea and dry cracked muzzle have been reported in crossbred cattle in Karnataka (8) . An isolate of BHV-1 from one such outbreak was used as a source of virus antigen in this survey.
The present study has confirmed the widespread prevalence of IBR in the southern states of India and the association of the disease with respiratory and genital tract infections. In an organised dairy herd, 59/81 samples from crossbred heifers (72.8%) tested positive for the presence of BHV-1 antibodies following a respiratory infection and, in another herd, 31/56 samples from aborted crossbred cows (55.4%) were positive for BHV-1 but remained negative for brucellosis or leptospirosis. However, samples from these animals were not used to conduct virus isolation.
Interestingly, 114/120 samples from breeding bulls in Tamil Nadu (95%) and 41/99 samples from Karnataka (41.4%) were also seropositive. The transmission of BHV-1 from these bulls through semen used for artificial insemination is a distinct possibility. Contamination by BHV-1 and the spread of the disease through semen has been well documented (1) . This situation assumes great importance in the field, as artificial insemination programmes to improve the indigenous cattle population are now conducted across the country. At present, there are no specific IBR control programmes in India, and vaccination is not practised. The impact of this disease on the development of the livestock industry needs to be reviewed, considering the vast bovine population in India, with frequent and unrestricted livestock migration and poor animal health conditions.
CONCLUSIONS
Serological evidence of IBR infection in 51.6% of 2,420 bovines was recorded by A-B ELISA in the three southern states of India. Evidence of infection of breeding bulls is significant, as infected semen could be a potential source for the rapid spread of this disease in India. PALABRAS CLAVE: Abortos -Ensayo inmunosorbente asociado con enzimas -Herpesvirus bovino 1 -India -Infecciones respiratoriasRinotraqueítis infecciosa bovina -Serología. * * *
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